In this paper, we construct a theory of geometric Euler systems, complementary to the arithmetic theory of Rubin, Kato and Perrin-Riou. We show that geometric Euler systems can be used to prove the finiteness of certain Galois representations of weight zero and we discuss a conjectural framework for the existence of geometric Euler systems for motivic Galois representations. We give applications to adjoint Selmer groups of certain classical and Drinfeld modular forms.
Introduction
Let T be a Galois stable lattice in an irreducible -adic Galois representation of a number field F . When T is motivic of non-negative weight, the conjectures of Bloch and Kato [BK90] on L-functions predict that the Selmer group S(F, T ⊗ Q /Z ) is finite. In this paper we give a geometric interpretation of this conjectural finiteness in the case that T is locally isotropic of weight zero. (We say that T is locally isotropic if the set of elements of Gal(F /F ) which fix some non-zero vector of T contains an open set.) This link with geometry is provided by a theory of geometric Euler systems: we formulate a conjecture on the existence of geometric Euler systems in motivic cohomology and show that the existence of a geometric Euler system (for the Cartier dual of T ) implies the finiteness of S(F, T ⊗ Q /Z ) precisely when T is locally isotropic.
As an application we prove the following result. We remark that a much more precise version of Theorem 1 (giving the order of the Selmer group rather than merely its finiteness) has been obtained in [DFG] by Diamond et al. They use different methods which do not require our assumptions at p dividing N ; instead they require that > k and that the residual representationρ f,λ is absolutely irreducible when restricted to Gal(Q/E), with E the quadratic extension of Q generated by the square root of (−1) ( −1)/2 . Recently, in [Kis02], Kisin has also obtained results similar to ours in some cases with dividing N .
We note the following immediate corollary of our theorem.
Corollary 1. Let f be a cuspidal Hecke eigenform of weight k 2 and level 1 and let K be a finite extension of Q containing the Fourier coefficients of f . Then S(Q, End 0 T f,λ ⊗ Q /Z ) is finite for all primes λ of K.
Geometric Euler systems for locally isotropic motives
and we construct geometric Euler systems for adjoint representations of modular forms as described above.
Notation
Throughout this paper we fix a prime and a finite extension K of Q . We write O for the ring of integers of K and λ for a fixed uniformizer. By the exponent of an O-module T we mean the least n 0 such that λ n T = 0. If T is a free O-module, we write T K (respectively T n , respectively T ∞ ) for T ⊗ O K (respectively T/λ n T , respectively T ⊗ O K/O). All group actions on such T are assumed to be continuous and O-linear; in particular, the isomorphism T n ∼ = T ∞ [λ n ] respects any such action. If T has an action of the absolute Galois group of a field (of characteristic different from ) we let T (i) denote the i-fold Tate twist of T .
By a local field (respectively global field) we mean a finite extension of Q p or F p ((t)) (respectively Q or F p (t)) for some prime p. In the function field case we always assume that p = . For a place v of a global field F , we write Fr(v) for a choice of geometric Frobenius element in the absolute Galois group of F .
Cohomological bounds

Restricted cohomology
If Γ is any subset of G, we define the Γ-restricted cohomology group
where g denotes the subgroup of G generated by g. (Here and throughout the paper, all group cohomology is defined with continuous cocycles.) Note that for a surjectionG G with kernel Γ, we have H 1 Γ (G, T ) = H 1 (G, T ). In the next section we show that we can obtain approximations to this fact when restricting with respect to certain non-trivial cosets of Γ.
Cohomology of O-modules
By a projective group G we always mean an inverse system {G n } n 1 of finite groups. We write G ∞ for the inverse limit of G n ; we regard G ∞ as a topological group with the inverse limit topology. As an example, if T is a free O-module of finite rank, we define a projective group GL(T ) by setting GL(T ) n = Aut O T n . A representation ρ : G → GL(T ) of a projective group G on T is simply an inverse system {ρ n : G n → GL(T ) n } n 1 of group homomorphisms. We often simply write ρ : G ∞ → Aut O T for the inverse limit of ρ n ; we say that ρ is irreducible if G ∞ acts irreducibly on T K via ρ. Proposition 1.1. Let 1 → Γ →G → G → 1 be an exact sequence of projective groups and let ρ : G → GL(T ) be an irreducible representation. Let γ = {γ n } ∈ G ∞ be ρ-isotropic and for each n fixγ n ∈G n mapping to γ n . Assume that the exponents of the groups H 1 (G n , T n ) are bounded independent of n. Then the exponents of the groups H 1 γnΓn (G n , T n ) are bounded independent of n.
The restriction of c to Γ n is a G n -equivariant homomorphism, so that c(Γ n ) generates a G n -stable submodule of (γ n − 1)T n . Since γ is ρ-isotropic it follows from Lemma 1.2 below with T = (γ − 1)T that there is an m, independent of n and c, such that λ m c(Γ n ) = 0. Therefore, λ m H 1 γnΓn (G n , T n ) lies in H 1 (G n , T n ) via inflation and the proposition now follows from the boundedness of the latter groups.
Lemma 1.2. Let ρ : G → GL(T ) be irreducible and let T be an O-submodule of T with T K = T K . For any n, let M n denote the maximal G n -stable submodule of T n contained in the image of T . Then the exponent of M n is bounded independent of n.
Proof. For t ∈ T , we let v(t) be the least integer n such that t ∈ λ n T . We claim that to prove the lemma it suffices to prove that there exists an m 0 such that
On the other hand, by hypothesis T does not contain λ a T for any a. It follows that we must have v(t) + m n; thus v(t) n − m, so that λ m kills M n for any n. By scaling, to prove (1.2) we may assume that v(t) = 0, so that t ∈ T − λT . Define 
It follows that t ∈ B n , as claimed.
Locally isotropic representations
Let ρ : G → GL(T ) be an irreducible representation of a projective group G on a free O-module T . We say that g, g ∈ G ∞ are congruent at level n if g and g map to the same element of
The key property of minimal elements is contained in the next lemma. Note that T g=1 is an O-module direct summand of T for any g ∈ G ∞ since the action of g on T is O-linear.
is bounded independent of n and g congruent to g at level n if and only if g is minimal.
Proof.
K . We assume first that g is minimal.
Fix an m such that λ m kills the torsion submodule of T/(g − 1)T . It then follows from the isomorphism
for all n.
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Let g ∈ G ∞ be congruent to g at some level n > m and assume that dim K T 
, we have thus shown that
Combined with (1.3), we conclude that
for all sufficiently large n. This proves the first direction of the lemma. For the converse, let g be ρ-isotropic but not minimal. By definition, for any n we may choose g congruent to g at level n but with dim T
contains a copy of (O/λ n ) r , while the image of T g =1 contains only a copy of (O/λ n ) s . The lemma follows.
Geometric Euler systems
Local conditions
Let F be a local field with residue field k and let T be a free O-module of finite rank endowed with an action of the absolute Galois group of F . We always assume that F does not have characteristic . We say that T is unramified if the inertia group I of F acts trivially on T ; if T is unramified, we say that it is pure of weight w if all the eigenvalues for the action of a geometric Frobenius Fr(k) on T are algebraic with absolute value (#k) w/2 under any embeddingQ → C.
We define the finite/singular exact sequence
we use the crystalline definition of [BK90, § 3] in the case char F = 0 and char k = . If T is unramified and char k = , then we recall that
and the finite/singular exact sequence identifies with the inflation-restriction sequence. (The last isomorphism in (2.2) follows from the fact that the maximal pro-quotient of I is isomorphic to
is finite unless w = −2. There are of course analogous definitions for T n , n ∞ and the analogues of (2.1) and (2.2) still hold for T n .
Selmer groups
We now fix a global field F and a free O-module T of finite rank endowed with an action of the absolute Galois group of F . (As always we assume that F does not have characteristic .) We assume T. Weston that T is unramified at almost all places of F . Although it is not essential to the method, we also assume that T is crystalline at all v dividing . For any n let F (T n ) denote the smallest Galois extension of F such that the Galois action on T n factors through Gal(F (T n )/F ). We define the Galois group of T to be the projective group G T with G T,n = Gal(F (T n )/F ); it is equipped with a natural representation ρ T : G T → GL(T ). More generally, if E/F is a finite Galois extension we set G T /E,n = Gal(E(T n )/F ) and let ρ T /E : G T /E → GL(T ) denote the natural representation. For γ ∈ G T /E,∞ , we let P γ (G T /E , n) denote the set of places of F , unramified in E(T n )/F and prime to , with Frobenius conjugate to γ on E(T n ).
For a finite set of places P we define the P -Selmer group
Set S(F, T ) = S ∅ (F, T ) and define the restricted P -Selmer group
As before there are analogous definitions for the T n , n ∞.
Proposition 2.1. Let T be as above and assume that ρ T is irreducible. Fix a finite Galois extension E/F and a ρ T /E -isotropic γ ∈ G T /E,∞ . Then we can choose finite subsets
Proof. The Selmer group S(F, T n ) is finite for each n by [Rub00, Proposition B.2.7] . We may therefore choose finite Galois extensions
LetG be the projective group withG n = Gal(E n /F ). If v is a place of F , unramified on T and in E/F , then by (2.1) and (2.3) we have 4) in the notation of § 1.1; here Fr(v) ∈G n is any choice of Frobenius at v. The exponent of H 1 (G T /E,n , T n ) is bounded independent of n by [Rub00, Theorem C.1.1]; thus Proposition 1.1 shows that the exponent of
is bounded independent of n, whereγ n is a fixed lift toG n of the image of γ in G T /E,n . Fix n and for each g ∈ Gal(E n /E(T n )) fix a place v g of F , unramified on T and in E/F , with Fr(v g ) conjugate toγ n g in Gal(E n /F ). Then the set P n of these v g lies in P γ (G T /E , n) and by (2.4) we have
The proposition follows.
Locally isotropic Galois representations
We say that an irreducible Galois representation T is locally isotropic if there is some finite Galois extension E/F such that ρ T /E : G T /E → GL(T ) is locally isotropic. We call any such E an isotropy field for T . Note that if T is locally isotropic, then so is any twist of T by a character of finite order. If
for any γ ∈ G T /E,∞ and any n) and T is locally isotropic if and only if T ∨ is.
Geometric Euler systems for locally isotropic motives
If T is locally isotropic, then the set of places v with Fr(v) isotropic has positive density. Thus if T is pure of weight w (in the sense that it is pure of weight w locally at almost all places of F ), then it must have weight zero. Furthermore, if 
Proof. For v ∈ P γ (G T /E , n) the above map can be rewritten as
by (2.2). The lemma thus follows from Lemma 1.3 and the fact that
The simplest examples of locally isotropic Galois representations are adjoint representations: for H, an arbitrary Galois representation, the trace-zero adjoint T = End 0 O H of H is locally isotropic with isotropy field F (at least when it is irreducible). We investigate this example in more detail in § 5. In this case, bounds on the Selmer group of T have applications to the deformation theory of H/λH; see [Wes02a] for details. More generally, locally isotropic representations of algebraic groups can be used to generate many locally isotropic Galois representations; see [Wes02b] for examples of this construction.
An especially interesting example related to an orthogonal group occurs in the cohomology of Hilbert modular surfaces. Let F = Q and fix a real quadratic extension E/Q. Let f be a cuspidal Hilbert modular eigenform for E of weight (2, 2); assume that f is not the base change of a form over Q. For sufficiently large O, we can associate to f a free O-module H f of rank two with an action of Gal(Ē/E); see [Tay89, Theorem 2] . The determinant of H f is the product of the cyclotomic character and a character θ f of finite order. LetH f be the conjugate of H f and set T f = H f ⊗ OHf (−1). Then T f descends to an irreducible representation of Gal(Q/Q); in fact, it occurs in H 2 et X , O(1) for an appropriate Hilbert modular surface X over Q. If P = pO E is inert in E/Q, then by [HLR86] the action of Fr(p) on T f has the matrix    
where α P β P = θ f (Fr(P)). Since the eigenvalues of this matrix are α P , β P , ± α P β P , we conclude that Fr(p) is isotropic on T f as long as θ f (Fr(P)) = 1. It is now not difficult to see that T f is locally isotropic with isotropy field E(θ f ).
Duality
Let T be a Galois representation as in § 2.2; we do not yet assume that T is irreducible or locally isotropic. Fix a Galois extension E/F and γ ∈ G T /E,∞ . We say that the Cartier dual T * admits a geometric Euler system at γ if there is an m such that the cokernel of the map Proof. For any n and any set of places P we have the local/global duality exact sequence (see [Rub00, Theorem 1.7 .3])
We apply this for varying n with P = P n given by Proposition 2.1 for γ; in particular, the S Pn (F, T n ) are bounded independent of n. Since P n ⊆ P γ (G T /E , n), the exponent of the cokernel of the first map in (2.6) is bounded independent of n by the definition of a geometric Euler system and Lemma 2.2. Thus the exponent of S(F, T n ) is bounded independent of n by (2.6). Every element of S(F, T ∞ ) lies in S(F, T n ) for some n, so that this implies that S(F, T ∞ ) has finite exponent. It is also co-finitely generated by [Rub00, Proposition B.2.7] , so that it must now be finite.
Note that it is essential for the above proof that there exist minimal isotropic elements. Indeed, the bounds on S Pn (F, T n ) require γ to be isotropic and Lemma 2.2 (which relies crucially on Lemma 1.3) then requires γ to be minimal. This is why the notion of a geometric Euler system is only useful for locally isotropic representations.
The arithmetic theories also require the use of an isotropic element γ; see [Kat99, Section 0.6] and [Rub00, Section 2.2]. In fact, they require that dim K T γ=1 K = 1. Thus we cannot apply the arithmetic theory in any case where dim K T γ=1 K > 1 for all γ. (A simple example of such T is the adjoint of a representation of rank at least three.) In particular, the arithmetic theory is not applicable to many locally isotropic representations.
Algebraic cycles
Local conditions on motivic cohomology
Let R be a discrete valuation ring with fraction field F and residue field k. Let X be a proper, smooth variety over F . For an integer d, consider the complex
Here X i denotes the set of points of codimension i on the scheme X, the first map is the tame symbol and the second (which is more important to us) is the divisor map. We define the motivic cohomology group H 2d+1 M (X, Z(d + 1)) to be the cohomology of (3.1). Elements are represented by formal sums (Z i , f i ) of pairs of codimension d cycles Z i on X and non-zero rational functions f i on Z i such that div Z i f i = 0 as a Weil divisor on X. (We note that this definition agrees after tensoring with Q with the usual definitions of motivic cohomology via K-theory or higher Chow groups; see [Jan90, § 6], for example.)
Scholl [Sch00, Theorem 1.1.6] defined a canonical Q-subspace
via de Jong's theory of alterations. We use this to define local conditions in motivic cohomology as
) in the cokernel of (3.2). There is then a natural surjection
We define H 2d+1 M,f (X, Z(d + 1)) to be the kernel of div k .
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Alternately, if X → Spec R is a proper smooth model of X → Spec F with special fiber X k , the localization map in K-theory yields a map (see [Wes02a, § 3 
sending a pair (Z, f ) to the divisor of f on the special fiber of the scheme theoretic closure of Z in X. Here A d X k is the Chow group of codimension d cycles X k . Then div k factors through div k and induces an isomorphism
In particular, this gives a geometric method to check local conditions in the case of good reduction.
Regulators
We now assume that F is a local or global field of characteristic different from . For a proper, smooth variety X over F , an integer d and sufficiently large r, we can define a regulator map (X, Z (d + 1)); the existence of denominators in the Chern character; and the failure of purity inétale cohomology. All three difficulties can be resolved by taking r large enough; see [Tho84, Theorem 3.5] for the required purity results. We omit the details.
Let r(X, d) be the least value of r such that r R X,d is defined. The next result shows that the regulator map respects the local conditions on the source and the target. 
)) and fix r r(X, d). Assume that either X admits a proper, smooth model over
Here c v is the cycle class map and the isomorphism on the right is the smooth base change.
Proof. When char k = , the first statement is [Nek, Theorem B] . 
Motivic Selmer groups
We now assume that F is a global field; as always, we assume that F does not have characteristic .
Let X be a proper, smooth variety over F . Let P be a set of places of F containing all places of residue characteristic at which X has bad reduction. For any d, we define the motivic P -Selmer group S P M (H 2d+1 (X), Z(d + 1)) as the kernel of the map
Here div v is the composition of restriction from X to X Fv with div kv . We record the following consequence of Proposition 3.1.
T. Weston
Corollary 3.2. Let P be a finite set of places as above. Then
Conjectures
Statements
Let X be a proper, smooth variety over a global field F of characteristic different from . Let S be an open subscheme of Spec O F and let X → S be proper and smooth with generic fiber X → Spec F . Let P 0 denote the complement of S in the set of places of F . Our basic conjecture is the following.
Conjecture 4.1. Let Z be an algebraic cycle on a smooth fiber X v of X → S. Then a non-zero integer multiple of Z is homologically equivalent (on the geometric fiberX v ) to an algebraic cycle which is trivial in the Chow group of X.
For our applications we formulate a uniform combination of Conjecture 4.1 with the conjecture of Tate on algebraic cycles (as in [Tat65, Conjecture 1] ). We first need to introduce some terminology. Let T be a free O-module with an action of the absolute Galois group of F . We say that T is pre-motivic for (X, d) if there is an O-linear map with finite cokernel h T :
with Galois actions. Note that T is then pure of weight d.
Let T be pre-motivic for (X, d) and fix a finite Galois extension E/F . Let G T /E be the Galois group of T over E with representation ρ T /E : G T /E → GL(T ). In this context, for γ ∈ G T /E,∞ we restrict the set P γ (G T /E , n) to contain only places in S. We immediately check that this restriction does not affect any of our previous results.
Conjecture 4.2. Let T be pre-motivic for (X, 2d). Fix a finite Galois extension E/F and γ ∈ G T /E,∞ . Then there is an m such that the cokernel of the composition
The surjectivity of (4.1) after tensoring with K is implied by Conjecture 4.1 and the Tate conjecture for the fiber X v . To see this, it suffices to show that (c
. By Tate's conjecture and Conjecture 4.1 there
By the definition of the Chow group there is, therefore, a codimension d K-cycle Y on X and a rational function f on Y with divisor Z; that is, f has a trivial divisor on the generic fiber of X and
The basic motivation for these conjectures comes from the conjectures of Beilinson (as extended to incomplete L-functions by Deligne) and Bloch and Kato. Indeed, assume that char F = 0 and let T be a motive occurring in H 2d+1 (X) with Q -realization T . Deligne's generalization of Beilinson's conjectures (see [Sch92, Conjecture 4.2] ) and the functional equation predict that
Geometric Euler systems for locally isotropic motives for any set of places P ; here L P (T, s) is the L-function of T with Euler factors at P removed and S P M T, Z(d + 1) is the P -integral motivic cohomology of T . Comparing this equality with P = ∅ and P = {v}, we expect that
On the other hand, localization and the cycle class map yield a map
which is trivial on S M (T, Z(d+1)). By (4.2), we are then naturally led to hope that (4.3) is surjective; this is conjectured (in a slightly different form) in [BK90, Conjecture 5.3] . Conjecture 4.2 is simply a uniform version of this; we have avoided passing to the motivic cohomology of T for simplicity. For more discussions along these lines see [Fon92, Mil92] . [Wes02a] to verify the conjecture when X is a self-product of a Kuga-Sato variety (respectively Drinfeld modular curve) and T is the adjoint representation attached to certain classical modular forms (respectively Drinfeld modular forms). An interesting variation of these ideas is provided by [Ots00] , where Conjecture 4.2 is proven for the Fermat quartic surface z 4 0 + z 4 3 = z 4 1 + z 4 2 over Q.
Evidence
Consequences
Proposition 4.3. Let X be a proper, smooth variety over F and let T be pre-motivic for (X, 2d). 
If X v is smooth and v does not divide , then r times (4.1) factors through R T,v and the map
by Proposition 3.1. It thus follows from Conjecture 4.2 that for some m the cokernel of (4.4) is bounded independent of v ∈ P γ (G T /E , m). The proposition follows from this and the finiteness of Proof. It follows from the Künneth formula and Poincaré duality that
The image of H 2d et (X ×X, O) under h must be commensurable with T (−d), so that some multiple of h will send H 2d et (X ×X, O) to a finite index submodule of T (−d). This is the statement of the lemma.
Let G H and G T be the Galois groups of H and T , respectively; we simply write ρ : G H → GL(H) and ad 0 ρ : G T → GL(T ) for the natural representations. Note that there is a natural surjection of projective groups ν : G H → G T ; the kernel of ν ∞ (which we usually write simply as ν) consists precisely of those elements of G H,∞ which map to scalars under ρ.
Lemma 5.2. Assume that T is irreducible. Then T is locally isotropic and F is an isotropy field for T . If γ ∈ G H,∞ is such that ρ(γ) has distinct eigenvalues, then ν(γ) is semisimple and minimal
Proof. For g ∈ G H,∞ , the eigenvalues of g on End K H K are the ratios of the eigenvalues of ρ(g).
r − 1, with equality precisely when g has distinct eigenvalues. The lemma follows.
Note that there may not exist any γ such that ρ(γ) has distinct eigenvalues; in that case, the minimal ad 0 ρ-isotropic elements include those with the smallest number of trivial eigenvalues on H.
For any place v ∈ S we let Γ i v denote the graph of the ith power of the Frobenius morphism on the fiber X v ; we can regard Γ i v as a codimension d cycle on
Then there is an m such that the map
has cokernel bounded independent of v ∈ P ν(γ) (G T , m 
Proof. By assumption ρ(γ) has distinct eigenvalues; thus we can choose m large enough so that ρ (Fr(v) ) has distinct eigenvalues for all places v ∈ P ν(γ) (G T , m) . For any such v, it follows from basic linear algebra that the endomorphisms ρ (Fr(v)), . . . , ρ(Fr(v) ) r−1 generate (End
We then easily see that the order of We omit the case where f is a principal series at some p dividing N , as then H 1 s (Q p , T * f ) is infinite. However, one should be able to deal with this case by a more careful analysis of the geometry of E k × E k at places of bad reduction.
Drinfeld modular forms
Let F be a finite field and let F = F(t). In this section, we adapt the ideas of Flach as in the previous section to study adjoint representations of certain Drinfeld modular representations over F . We restrict ourselves to the case in which the geometry of the associated Drinfeld modular curve is sufficiently well understood.
Let n be a squarefree ideal of F[t] and let S be the complement of n in Spec F[t]. Let M 0 (n) be the Drinfeld modular curve of level n studied in [Gek86b] ; it admits a proper, smooth model M 0 (n) → S. Let A denote the adeles of F and let π be a cuspidal automorphic representation of GL 2 (A) of weight 2, level n and trivial character as in [Tam95, § 3] . For an appropriate choice of O we can associate to π a pre-motivic Galois representation H π for (M 0 (n), 1); H π is free of rank 2 over O and there is an equality
of local L-factors for almost all places v of F . We also know that H π is special for v / ∈ S. Set T π = End Proof. The proof is nearly identical to the proof of Proposition 5.4 once we assemble the corresponding geometric data: we show that 2(1 − q 2 )Γ v is trivial in A 2 (M 0 (n) × M 0 (n)) for any p ∈ S, where q is the order of F. The proposition then follows from Proposition 5.3.
Fix p ∈ S and let T p be the Hecke correspondence at p regarded as a codimension 1 cycle in M 0 (n) × M 0 (n). We let ∆ be the Drinfeld cusp form of weight q 2 − 1 and level 1 defined in [Gek86b, § 2]; we regard ∆ 2 as a pluricanonical form of degree q 2 − 1 on M 0 (n) as in [Gek86a, § 5] . We then define f p as the ratio of the pullbacks of ∆ 2 under the two projections T p,F → M 0 (n).
Set S = S − {p}; T p × S S is birationally isomorphic to M 0 (np). By [Gek86b, Corollary 3.4 and § 4] , the divisor of f p on M 0 (np) is a linear combination of differences (0 i ) − (∞ i ) of cuspidal divisors. Here 0 i and ∞ i are a pair of cusps lying over a single cusp of M 0 (n). They thus coincide on T p ⊆ M 0 (n) × M 0 (n) as well and it follows that the divisor of f p on T p × S S is trivial.
We compute the divisor of f p on the fiber of T p over p via the Eichler-Shimura relation of [Gek86b, § 5] . As a cycle on M 0 (n) p × M 0 (n) p , the fiber of T p is the sum of Γ p and its transpose Γ ∨ p . We compute the divisor of f p separately on each component. For Γ p , the first projection to M 0 (n) p is an isomorphism while the second is totally inseparable. Since ∆ 2 is a pluricanonical form of degree q 2 − 1, it follows that f p has a pole of order q 2 − 1 on Γ p . By a similar computation, we see that f p has a zero of order q 2 − 1 on Γ ∨ p . We conclude that the divisor of f p on T p is (1 − q 2 )(Γ p − Γ ∨ p ). If p is a uniformizer at p, the divisor of 1−q 2 p f p on T p is thus 2(1 − q 2 )Γ p . This completes the proof.
As in the classical case, we immediately obtain the following result.
